As we know nutrients are necessary for the development and proper functioning of the human organism. Bioavailabilities of nutrients are the major concern rather than the supply of an adequate amount of nutrients in the diet. Many of the researches have been shown that the consumption of probiotics along with dairy foods buffers the acidity of the stomach and increases the bacterial survival rate into the intestine. A dairy product with probiotics also provides many of essential nutrients, including protein and calcium. From all the necessary nutrients the calcium having a major role in the human body including the development of bone and teeth are also regulating enzymes and many more. Calcium is the most essential nutrient, about 99% of calcium found in teeth and bone in the body and only 1% is found in serum. A numbers of researches have shown that adequate amount of calcium intake leads to reduce risk of fracture, Osteoporosis and Hypoglycaemia and diabetes in some population. Many of the researches suggested that the Probiotics having a significant role in improvement of calcium uptake and absorption, hence the present review gives information about the relationship of probiotics and calcium, ensuring higher bioavailability of calcium and promising a better bone health. Here, the review study showed a significant role of probiotics in calcium absorption and thus the bioavailabilities. Moreover, it is focused on glimpse of various studies and in-vitro models associated with the phenomena of calcium absorption and uptake.
INTRODUCTION

Historical View
The origins of yogurt are unknown, but the ancient records had mentioned the use of fermented milk for health benefits known from Vedic time as per record in Indian Ayurveda from about 6000 BC [1] . Also, few records mentioned that the yogurt was invented in Mesopotamia in 5000 BC. The term probiotics was first introduced by Nobel laureate Metchnikoff (1907) , he hypothesized that regular consumption of yogurt responsible is for long life. After the publication of the book entitled: "The prolongation of life" by Elli Metchnikoff-1908 boosted the scientific interest in the area of probiotics. The first clinical trial was carried out in the 1950s to study the effect of probiotic on constipation and a probiotic product was licensed by US department of Agriculture as a drug to treat E.coli infection which termed as scour among pigs [2] . As per WHO Probiotics is 'live microorganism which when administered in adequate amount confers a health benefit on the host'. The human body consists of 10 million cells, but we harbor 100 million bacteria in different parts of body [3] .
From the past century the probiotics proved their scientific efficacy towards human and animal health by reducing symptoms of lactose intolerance, boost the immune system, enhancing the synthesis of vitamins and bioavailability of nutrients Table 1 , improving the gut health, and decreases the susceptibility towards the allergy, reducing the risk of cancer [4] . 
DIETARY SOURCE OF CALCIUM
Calcium-rich foods include the milk and dairy products, hard cheese, yogurt, cottage cheese, vegetables including broccoli, Chinese cabbage, green leafy vegetables like kale, mustard, collards, sardines with bones (canned), dried fruit, nuts and seeds (figs, almonds, soy nuts), and pulses (peas, beans, and lentils). A number of calcium-fortified foods and drinks are also now available etc [7 -9] . Milk and dairy products have provided about 70% source of calcium, 16% from green vegetables and fruits, and 6-7% of the calcium requirement full filled with drinking water including mineral water [10] .
PHENOMENA OF INTESTINAL CALCIUM ABSORPTION
Calcium bioavailability not only depends on source of calcium, but the age, transit time, the amount of calcium ingested, intestinal content, and type of diet also play an important role. Calcium is a divalent cation which occurs as salt in food. Calcium gets absorbed in soluble form and must be in an ionized form. As shown in Fig. (1) the Calcium gets absorbed via two transport mechanism a) transcellular and b) paracellular pathway [11] . A) Generally, transcellular pathway also termed as saturable pathway, it is a multi-step process, in which ionized calcium transport from the lumen to enterocytes across the microvillar membrane through cytosol, followed by active transport from the enterocyte to lamina propria and reaches to systemic circulation. Transcellular pathway facilitates by cytosolic calcium binding protein which is calbindin D9K. The synthesis of calbindin D9K depends upon vitamin D, hence this pathway of calcium absorption also termed as vitamin D mediates transport mechanism [12] (Table 2) . Evidence suggests that the (CaT1) cloned calcium transport protein has the ability to transport the calcium across the membrane [13] . Each stepis involved in the transcellular transport of calcium is Vitamin D dependent. B) Paracellular transport mechanism of calcium absorption involves passive transport through the tight junctions between mucosal cells. Paracellular pathway is non-saturable and independent; it is a concentration dependent pathway [13] . Most of the calcium absorption in humans occurs via small the intestine (duodenum, proximal jejunum, distal ileum, and some of the at colon part of GIT) [14] . About 10% of total calcium absorption occurs at the colonic region of GIT [5] . Research has been shown that the consumption of probiotics enhances the colonic calcium uptake by colonic fermentation. Mainly when larger amounts of dietary calcium are available at the site of absorption the paracellular pathway for absorption of calcium takes place and if the calcium available at the site of absorption is in a smaller amount, the calcium gets absorbed via saturable pathway. The hormone-mediated up or down a plasma calcium level regulated via calbindin D9K I mucosal cell [15, 16] . 
FACTORS INHIBITING CALCIUM ABSORPTION
A diet containing phytate and oxalate forms insoluble salts with calcium and resists the calcium absorption. For the optimal calcium absorption the ideal ratio of calcium and phosphate is 1:2 and 2:1 but higher content of dietary phosphate results in the formation of insoluble calcium phosphate and prevent the calcium uptake. Impaired fat absorption leads to reaction between free fatty acids and calcium and form an insoluble calcium soap which alters the calcium absorption. Higher pH (alkaline condition) is unfavorable for the calcium absorption. Higher content of dietary fibers interferes with the calcium absorption [5, 18] .
HOW THE PROBIOTICS SPIKES THE BIOAVAILABILITY OF CALCIUM
As we know it is difficult to get adequate calcium in daily food intakes. While, many of the factors affect the bioavailability of calcium that is available in the daily diet, for this reason it should be taken as supplement to confer the bone health and prevention of bone disease, also the lake of alertness about the daily need of nutrients become one of the major factors that impacts on bone health. As per many of the researches the two diseases, Sarcopenia (muscle loss) and Osteoporosis (bone mass loss) are responsible for aging; these two conditions majorly affect the people's good look as they age. If people consider sarcopenia and osteoporosis as serious conditions then this will help them in the right direction to live longer and lead a healthy life [19] . Many factors influence the bioavailability of Calcium in humans. Generally, it can be divided into two groups, one of it is exogenous, and another one is endogenous. Exogenous factors are directly connected with food, and endogenous factors are related to the organism. Mainly the properties of a ingested Calcium, type and amount, oxidation status, solubility, presence of antagonistic (competitive) ions, presence of substances facilitating or hindering absorption of the minerals are the most influencing exogenous factors,while the genetic conditions, age, sex, physiological status (e.g. Pregnancy, breastfeeding), mineral supply status (stock), emotional state, and illnesses etc. are the endogenous factors [20] . As per various researches, the probiotics confer the bone health by increasing the Calcium Bioavailability, let's know how probiotics increase the calcium bioavailability and ensure the bone health. The probiotics produce short chain fatty acids, which are increasing the solubility of available calcium, simultaneously decreases the para-thyroid hormone level (increased PTH level causes the Bone resorption by stimulating the osteoclasts) and minimizes the bone loss [21 -22] . Cereal based diets are the richest source of calcium, but concern is that the available calcium is depressed by phytate. Probiotics are producing an enzyme which is phytaze and it actively releases the depressed calcium and increase the availability of calcium at the site of absorption [24, 25] . Probiotics like Lactobacillus and bifidobacteria increase the bioavailability of calcium in some foods with estrogenic activity via hydrolysis of glycoside bonds of estrogenic food in the intestines [26] . As we know the vitamins play an important role in regulating the intestinal metabolism and absorption, folate and vitamin C, D and K are associated with the Calcium absorption, Probiotics are associated with the synthesis of vitamins and increase the metabolism and absorption of available calcium [26, 27] . Some Probiotics produce the bioactive peptides, which are mainly depending upon the kind of probiotics to be used. Such as Lactobacillus helveticus produces bioactive peptide like, proline-containing peptides isoleucyl-prolyl-proline (IPP) and valyl-prolyl-proline (VPP) which may induce greater availability of Calcium [28] . Furthermore, some of the peptides produced by probiotics are not absorbed but could support the release of minerals from insoluble ion and enhance the calcium absorption. Proline-containing peptides isoleucyl-prolyl-proline (IPP) and valyl-prolyl-proline (VPP) may also act through preventing the formation of Angiotensin II (Ang II) from Angiotensin I (AngI), many of invitro studies had shown that the Angiotensin II stimulates the bone resorption and may also act as a vasoconstrictor in bone vasculature and increases the bone loss [27 -29] . Researches showed that the Oxidative stress stimulates osteoclast differentiation and leads to bone resorption [30] probiotics like Bifidobacterium longum isolated from fermented broccoli can improve the periodontal antioxidant status by decreasing NF-kB gene expression and reduces the oxidative stress and the bone loss, ensuring the bone health. Studies have shown that adequate intake of probiotics leads to reduce intestinal inflammation and increase the bone mass density and bone mineral concentration, L.reuteri 6475 probiotic strain significantly reduced the pro inflammatory cytokine (TNFα, IL-1β) level in jejunum and ileum of intestine, which resulted in increase in BMD, by increasing the calcium bioavailability across the intestinal mucosa [21, 31, 32] . We can say that the microbes in the gut have a significant effect on bone health [33] . Severe GIT disorders results due to intestinal mucosal damage which causes the reduction of mucosal permeability and alters the calcium absorption, but many of the studies have proved that the probiotics are having role in cell proliferation, hence an adequate intake of probiotic results in significant effect on bone health [34 -37] . In such a way, the Probiotics are strengthening the bone and reduces the risk associated with bone loss and bone diseases via microbial production of metabolites or enzymes or synthesis of vitamins which are involved in calcium metabolism and are required for bone matrix formation [38 -41] .
STUDIES PROVES PROBIOTICS BOOSTS THE BONE HEALTH
The effect of well characterized probiotics; Lactobacillus salivarius (UCC 118) and Bifidobacterium infantis (UCC 35624)) on calcium uptake and transepithelial calcium transport in human intestinal-like, Caco-2, cells in culture and the result has shown that the Calcium transport was significantly increased by UCC 118 and E. coli, respectively, relative to the control. The researcher concluded that the selected strains are capable to enhance intestinal calcium uptake, if not calcium transport [42] . The investigation of the level of calcium, magnesium, phosphorus and zinc in a total of 27 samples of commercially available goat-and cow-milk fermented products and 9 samples of a goat-milk fermented product with probiotic bacterial strain and formulated the Lactobacillus fermentum D3. The results showedthat the bioavailability of minerals, including calcium, phosphorus, and zinc was significantly higher in the fermented milk containing the probiotic bacterial strain than it was in commercially available goat and cow milk fermented products. The researcher concluded in-vitro assays, strain D3 seems to increase the bioavailability of minerals compared to other milk fermented products available in the market [43] . As per one of the researches, the activity of phytases enzymes over the phytate causes complexing with minerals, Phytase enzymes are capable of sequentially dephosphorylating phytic acid to products of lower chelating capacity and higher solubility, abolishing its inhibitory effect on intestinal mineral absorption. As per the researcher, the probiotics like bifidobacteria in Lactobacillus casei were made by genetic construction for expressing two phytases under the control of a nisin-inducible promoter, L. casei was able to produce, export and anchor the cell wall the phytase of Bifidobacterium pseudocatenulatum. The research showed that Lactobacillus casei and bifidobacteria produce enzymes having the ability to reduce the phytate content in fermented food products [44] . Many of the researches highlighted that the two diseases, Sarcopenia (muscle loss) and Osteoporosis (bone mass loss) are the major diseases responsible for aging and also that the adequate Bioavailable calcium intake overcomes these two conditions. Results of clinical trials indicating that the improvement had shown in more than thousands of patients with a chronic bone diseases, like osteoporosis and osteopenia within the six months duration of treatment [33] . Investigation about the Bioavailability of Ca, P and Zn in Rats Fed Yoghurt and Soy-yoghurt Containing Bifidobacteria in that the researcher mentioned that the Bioavailability aspects of calcium, phosphorus and Zinc from probiotic dairy foods and other food sources have been an important issue of studies over the recent years. The researcher designed a study to assess and to compare the therapeutic effect of milk, yoghurt and soy yoghurt containing bifidobacteria with regards to their effect on the bioavailability of Ca, P and Zn and bone mineralization in rats. As per that the eight groups of rats who fed the basal diet, cow milk, probiotic-free or probiotic-containing milk, yoghurts (Bifidobacterium lactis Bb-12 or Bifidobacterium longum , soy milk and soy-yoghurts containing only the above mentioned probiotics for 45 days. The results showed the rat's serum Ca and P contents were increased about two-fold that of control and the rat's serum Zn content was increased about 19-21 fold that of control [45] . Many of the researches reported that yogurt containing strains of Lactobacillus reuteri, Lactobacillus gasseri and Lactobacillus casei, increased calcium absorption and BMC in growing rats [32] . Many of the studies had proven that the probiotics like Lactobacillus and Bifidobacterium have a potential effect on increasing the BMD on mice and OVX rats [46, 47, 25, 30] . Probiotics, such as Lactobacillus gasseri, Lactobacillus casei and Lactobacillus reuteri have been reported to increase bone weigh about 35% higher and also reported a higher calcium absorption in rats compared to the control group. Research had been also shown that the effect of lactobacillus casei 393 obtained from fermented milk, proven the significant effect by improving bone mass density in OVX rats which are having a lower BMD [48] . One of the studies investigated the effect of L. paracasei and L. plantarum containing fermented milk on OVX mice, the result showed that the OVX mice fed with L.paracasei and L.plantarum had a higher trabecular number compared to OVX and SOVX (sham-ovariectomized) mice as control groups [25] . The researcher examined the effect of probiotics like licheniformis and subtilis on 25 broiler chicks of one year old and divided them into two groups from which one is treatment group and another one is a control group, the result showed that no significant difference of weight and feed consumption in both the groups, but the increase in prosperous concentration and tibia ash was found in the group which fed with probiotics compared to group on normal diet [49] . One of extensive studies includes 265 postmenopausal women volunteer with age ranged from 40-87 years to examine the effect of age on calcium absorption; the researchers estimated the serum vitamin D3 metabolite, parathyroid hormone and other biochemical variables including serum creatinine level. Of the 265 volunteers about n=47 are about 40 to 45 years old, n=111 are between 56 to 65 years of age and n=25 are of greater than the 75 year old, The result showed that the calcium absorption was very low in the population by the age of >75, the results also reflected that the serum vit.D3 is not associated with a decline in calcium absorption, but the unresponsiveness of the small intestinal mucosa towards the absorption of calcium plays a vital role in older age of the population rather than the synthesis of vitamin D3 [18] . While different strains of LAB and Bifidobacterium shown potential effect on bone density in OVX rats and mice and also stimulates the osteoporosis conditions in postmenopausal OVX rats and mice [32, 47] . One of the comparison studies using group OVX and Sham-ovariectomized control groups by administering the L.paracasei (NTU-101) and L.plantrum (NTU-102) containing fermented milk, result showed that the trabecular number higher in OVX mice compared to sham-ovariectomized control groups [25] . BMC and BMD reported higher in male osteoporotic rats with Administration of Lactobacillus helveticus [50] . Various studies with L.reuteri, L.gasseri and L.casei, reported higher bone weight compared to control groups, Similarly, Bifidobacterium longum reported significant effects on bone health [51] . Many of the studies using LAB strains reported significant therapeutic effects on inflammatory bowel disease and rheumatoid arthritis in experimental mouse models [30, 52] . Investigation of the effect of L.helveticus containing fermented milk, carried out using double blind randomized crossover study by including the sample size of 20 postmenopausal women (age 50-78 years). A study was conducted in two parts, firstly the researcher divided two groups, one group was treated with fermented milk containing L.helveticus and another one was a controlled group, in the second part the researcher used juice containing peptides formed with L. helveticus bacteria were compared to a control juice. At the end of the study, they found that the fermented milk with L.helveticus had significant effect on calcium metabolism compared to control group, while juice containing peptides formed with L.helveticus showed no significance on calcium metabolism [29] . The researcher conducted the extensive study to check the effect of Probiotic strains Lactobacillus helveticus MTCC 5463 and Streptococcus thermophilus MTCC 5460 on Calcium and Hematological Parameters in Geriatrics with the sample size of 76 (38 males and 38 females) and the study duration was from 2012 to 2015. The result showed, that the Lactobacillus helveticus MTCC 5463 increases serum calcium level, while no significant effect was reported on hematological parameters [53] . One of the researches carried out to investigate the effect of probiotic strains, L. Paracasei DSM13434, L. plantarum DSM 15312 and DSM 15313 (L. mix) on OVX induced bone loss using OVX mice. The results showed that the treatment with L. Paracasei DSM13434 and L. Mix reduces the cortical bone loss and bone resorption by reducing the cytokines, TNFa and IL-1b and increases the OPG expression which is an Osteoclastogenesis inhibitor [54] . The researcher studied the effect of Bifidobacterium longum with Yacon flour on bone health. In that study, they used 32 Wistar rats used as a study model, they divided them into four groups, from that one group as control, second one was treated with Yacon flour, third one was treated with diet and B.longum and fourth one was treated with Yacon flour and B.longum. The results showed that the calcium, phosphorous, magnesium content were higher in the group which treated with diet and B.longum, Yacon flour and B.longum compared to control group. Facture strength also found about 8.1% yacon flour, 8.6% diet with B. longum and 14.6% yacon flour with B. longum as compared to the control group. Yacon flour and B.longum fed group having more mineral concentration in the bones which is the most important factor for the prevention of osteoporosis [55] . One of the studies discusses the effect of fermented milk on utilization of inorganic constituents using hypocalcemic rats, results showing that the fermented milk reported the good source of calcium, and having a significant effect on hypocalcemic rats [56] . Also, studies proved the potency of yogurt to treat the osteoporosis in geriatric patients [57, 58] . Many of the animal and human studies reported that yogurt is a rich source of lactose, and probiotic with lactose reported significant effects in the treatment of osteoporosis [59 -63] . One of the researches was carried out to check the effect of probiotic strain Bifidobacterium longum on bone density, bone mineral content, bone remodeling, bone structure and gene expression (Sparc and Bmp-genes) on bone loss from Ovariectomy rats. In that, the three groups are assigned for treatments which are a sham, OVX and OVX treated with 1 ml Bifidobacterium longum (10 8 -10 9 CFU/ml). The result showed that the OVX group treated with B.longum group reported higher serum osteocalcin and Osteoblasts, while lowering the serum C-terminal telopeptide, osteoclast and other bone resorption parameters which are mainly responsible for bone loss compared to other groups, also found that the bone mass density increased by gene expression (Sparc and Bmp-genes) [64] . One of the researches investigated the bioavailability of calcium from diets based on white cheese containing probiotic using 24 standardized white male Wistar rats (body weights ranging from 91-98g) rates are divided into four groups six rats in each group. The results showed that the groups receiving white cheese and probiotics reported higher calcium bioavailability compared to groups receiving control diet [65] .
IN-VITRO MODELS FOR CALCIUM ABSORPTION STUDY
Calcium absorption using Franz diffusion cell; it has two compartments, one of it is Donor compartment and another is Acceptor compartment. The author separated both compartments using small intestine tissue of pig to simulate the actual gastric condition. They were using four different calcium salts including calcium carbonate, calcium fumarate, calcium citrate and calcium gluconate. The result showed that the 1 mmol/l ion gets migrated from donor compartment to acceptor compartment respectively the percentage rate of migration of calcium carbonate is 100% with respective pH 1.3, calcium fumarate 81.2% with respective pH 4.2, calcium citrate 81% with respective pH 6.2. The estimation of calcium carried out by UV visible spectrometer [66] .
One of the extensive reviews, the author reviewed four models including solubility, Dialyzability, gastrointestinal model and CaCO-2 model generally used for bioaccessibility and bioavailability of calcium, carotenoids, folate, iron, magnesium, polyphenols, zinc and vitamin B 6, B 12 , D and E [67] .
Nowadays, many of the models are available commercially which simulate the human digestive system which allows a feasibility to conduct bioavailability of minerals and vitamins. The Netherlands organization for applied scientific research has developed a gastrointestinal model named TIM [68 -70] . Table 3 TIM model simulates human gastrointestinal system, including parameters like churning, flow of saliva, body temperature, gastric juice-pancreatic juice including bile and enzymes, body temperature, regulation of intestinal pH and peristalsis. TIM model consists of two compartments which are namely TIM-1 and TIM-2, computer controlled compartment. TIM-1 consists of four chambers which respectively simulate the stomach, duodenum, jejunum and ileum. TIM-2 simulates the large intestine. One of the advantages of TIM model make possible to sample at any level of the gastrointestinal tract at any time of digestion [71] .
One of the most promising tools in bioavailability and the uptake study of nutrients, including calcium is CaCO-2 model. CaCO-2 model contains cells, which belong to a human colonic adenocarcinoma epithelial cell line which simulates the intestinal cells upon culture using specific medium. This model needs to cells to grow s on the surface of the plastic well or Trans well inserts to study the uptake of nutrient from apical to basolateral compartments, which also allows sampling of test nutrient transport from apical site to basolateral site [72 -74] . 
CONCLUSION
Present knowledge gives an idea about the major role of calcium in the prevention of bone diseases and ensuring a healthy life in all age groups of the population. Many of researches clearly indicated the involvement of probiotics in human health by acting through different mechanism. Studies are also proving the role of probiotics in calcium bioavailability. When we are talking about calcium bioavailability, it is the major challenge till now to be overcome; because of poor bioavailability of present marketed calcium formulation which are failing to fulfill the daily need of calcium. We can overcome such a problem associated with calcium bioavailability by fortifying the nutritional supplements with specific probiotic strains which could ensure 100% bioavailability of nutrients along with the calcium. The need to identify the strains which specifically act on calcium bioavailability with long term stability on fortification can be also made available in the form of cost effective stable powder formulations of such a selective strain which can be fortified with any type of drink, food and food products for maximum absorption of nutrient that are already present. Such a formulation can ensure the general health, including bone health to those populations who cannot afford costly medicines and nutrient supplements.
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